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Abstract

Fibrosis prediction is an essential part of the assessment and management of patients with chronic liver disease. Traditionally
the gold standard for assessment of fibrosis is liver biopsy, but it suffers from various limitations including risk of patient injury
and sampling error. As a result, noninvasive tests of hepatic fibrosis have been used in patients with chronic liver disease due to
conditions such as hepatitis B and C, and alcoholic and non-alcoholic fatty liver disease. With the advent of new direct-acting
antivirals, hepatic fibrosis staging is an important component of treatment decisions in the care of patients with chronic hepatitis
C virus infection. Current limitations of the noninvasive biomarker models include a significant indeterminate range, and a
predictive ability that is limited to only a few stages of fibrosis. However newer technologies and novel proteins identified by
proteomics and genomics offer the possibility for further refinement and individualisation of biomarker fibrosis models in the

future.

Introduction

All patients with a chronic liver disease such as hepatitis B or
C or non-alcoholic fatty liver disease (NAFLD) are at risk of
developing advanced liver fibrosis or cirrhosis. The severity
of hepatic fibrosis is known to affect long-term outcomes and
hence clinical management and treatment. The complications
of advanced fibrosis such as portal hypertension, ascites and
hepatocellular carcinoma are all associated with reduced
survival.! Therefore, clinical decision-making is to a large
extent based on accurate staging of liver fibrosis. Over
recent years, noninvasive biomarkers for the diagnosis
of liver fibrosis have been developed, initially in chronic
viral hepatitis. These have since seen their use expanded to
include all causes of chronic liver disease. Most of the current
panels of liver fibrosis markers are accurate only in detecting
advanced fibrosis to cirrhosis stages.

Chronic Hepatitis C

Chronic hepatitis C is a blood-borne disease; most patients in
Australia are infected with hepatitis C virus (HCV) through
intravenous drug use. It is estimated that there were 227,000
patients with chronic hepatitis C in Australia in 2019.2 The
burden of liver disease due to HCV infection is projected to
triple by 2030.3 HCV infection causes long-term liver damage
and may result in progression from liver fibrosis to cirrhosis.

https:/doi.org/10.33176/AACB-20-00002

Approximately 5-30% of patients with chronic hepatitis C
develop advanced fibrosis or cirrhosis over 20-30 y after
initial infection. It is estimated that HCV infection results in
2550 deaths per year in Australia.*

Chronic Hepatitis B

Chronic hepatitis B is also a blood-borne disease and the
common transmission routes include vertical transmission
at birth, sexual transmission and intravenous drug use. It is
estimated that 230,000 individuals had chronic hepatitis B
in Australia in 2016 with 15-20% of patients developing
cirrhosis during their lifetime.! The primary goal of treating
hepatitis B patients is to improve patient survival by preventing
or delaying the development of cirrhosis and liver cancer.

New Treatments for Chronic Hepatitis

Recent Australian guidelines recommend that direct-acting
antivirals (DAA) anti-HCV treatment should be offered
to all patients with chronic hepatitis C infection. It is also
recommended that noninvasive methods are used to determine
the presence of cirrhosis in patients with chronic hepatitis C
prior to commencing DAA treatment.’

The availability of DAA medicines has had important
implications for the treatment of hepatitis C. DAA therapy
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has a high efficacy in achieving sustained virologic response
(SVR) with improved safety compared to earlier therapy
options. The new generation of DAA therapy is reported to
achieve high real-world SVR rates (>90%) at 12 w across all
genotypes and in individuals with cirrhosis and patients who
had previously been treated.® All patients with chronic HCV
infection are eligible for treatment, regardless of liver fibrosis
stage, although the presence of cirrhosis influences treatment
duration and regimen. A patients’s cirrhosis status must be
provided at the time of seeking Pharmaceutical Benefits
Scheme (PBS) authority to write a prescription for the new
HCV medicines.

The presence or absence of cirrhosis has been incorporated
into the PBS authority requirements for the treatment of
hepatitis B; this information must be provided for all patients
at the time of application for PBS treatment with tenofovir,
entecavir, lamivudine and adefovir. There are two groups
of drugs used to treat hepatitis B: direct antiviral drugs
(nucleoside/nucleotide analogues) and immunomodulatory
drugs (interferons). Nucleoside/nucleotide analogues reduce
the amount of hepatitis B virus in the body by lowering the
ability of the virus to multiply. Interferons are proteins that
modify the response of the body’s immune system to help
fight infections and severe diseases. In Australia, pegylated
interferon has replaced standard interferon in chronic hepatitis
B therapy.

Alcoholic Liver Disease

Liver diseases induced by excessive alcohol consumption are
an important cause of morbidity and mortality worldwide.
Alcoholic liver diseases can manifest themselves as one of the
following disorders: alcoholic fatty liver, alcoholic hepatitis
or alcohol-related cirrhosis. Alcoholic liver injury can develop
into fibrosis or cirrhosis in up to 15% of alcoholics. On the
other hand, alcoholic hepatitis and steatohepatitis are present
in 35% of alcoholics.” Similarly, NAFLD encompasses a
spectrum of disease from simple steatosis through non-
alcoholic steatohepatitis (NASH) to fibrosis and ultimately
cirrhosis and hepatocellular carcinoma.® Therefore, detection
of an early stage of liver damage is the key to provide a
positive outcome for therapeutic intervention.

Non-Alcoholic Fatty Liver Disease

The identification of the minority of patients with fibrosis
amongst those with NAFLD is critically important for
prognosis. Most causes of chronic liver disease share a
similar clinical course with a prolonged asymptomatic early
phase during which the risk of liver-related morbidity and
mortality is minimal. Liver fibrosis accumulates silently
during this early phase and may eventually progress to
cirrhosis. Regardless of the actiology of chronic liver disease,
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the risk of developing hepatocellular carcinoma, liver-related
complications and liver-related death increases dramatically
after the development of severe fibrosis and cirrhosis.

Decompensated cirrhosis occurs when clinically evident
liver complications develop and this phase rapidly progresses
towards death or liver transplantation. Risk factors for the
progression to cirrhosis in patients with NAFLD include
NASH, metabolic factors, genetic polymorphisms and older
age.” NASH can progress to cirrhosis in up to 20% of patients.!?
The median survival for patients with decompensated cirrhosis
is approximately two years.

A good representation of the mechanism of hepatic fibrogenesis
is shown in Figure 1. Hepatic stellate cells are the key
fibrogenic cells and their activation (conversion of quiescent,
vitamin A-storing cells into proliferative, fibrogenic and
contractile myofibroblasts which can synthesise and secrete
large amounts of fibril-forming collagens) is the dominant
event in fibrogenesis, as a response to liver injury.>* Damaged
hepatocytes release cytokines (transforming growth factor,
tumour necrosis factor), epidermal growth factor and insulin-
like growth factor responsible for the activation of Kupffer
cells and the recruitment of activated T-cells. Activated
Kupffer cells, T-cells and damaged hepatocytes also release
the inflammatory cytokines (TNF-interferon, IL-6) which are
closely related to fibrogenesis and could be used as biomarkers
for liver fibrosis.?

Liver Biopsy as the Standard Test for Fibrosis

Although highly invasive and limited by sampling error and
inter-observer variability, liver biopsy is still considered
the gold standard for the staging of liver fibrosis. At
present, several non-invasive methods for the assessment
of liver fibrosis based on panels of serum markers, or the
measurement of liver stiffness by radiography, are widely
used as surrogate measures. However, these methods are also
not free of limitations and many components of serum panels
do not directly reflect the underlying disease process. With
regard to liver biopsy, it is recognised that histologic staging
is based on flawed assumptions, namely inappropriateness
in describing a continuous variable such as the amount of
fibrosis with categorical values such as the fibrosis stages. In
addition, histologic staging systems assume a linear increase
in the severity of fibrosis between stages, although it is widely
recognised that stage 4 does not necessarily represent twice
as much fibrosis as stage 2.2 Algorithm scores, as continuous
variables, may be better suited to describing fibrosis.

Alternatives to Biopsy
Noninvasive alternatives to biopsy include radiologic and
serum tests. A number of different types of ultrasound-based
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Figure 1. Mechanisms of hepatic fibrogenesis and possible molecular serum biomarkers. Some molecular serum biomarkers
may reflect the pathogenesis of liver fibrosis: neo-epitopes are related to basement membrane degradation; pro-collagen is related
to extracellular matrix (ECM) synthesis; matrix metalloproteinases (MMPs) and tissue inhibitors of matrix metalloproteinases
(TIMPs) are related to ECM fibrolytic processes; ALT and AST are related to liver function and injury; other serum markers are
fibrogenesis-related cytokines. Reproduced from Liu et al. Biomark Insights 2012;7:105-17 (ref. 11).

TGF-B1, transforming growth factor $1; CTGF, connective tissue growth factor; PDGF, platelet-derived growth factor; TNF-a,
tumour necrosis factor a; IL, interleukin; INF-y, interferon-y; EGF, epidermal growth factor; IGF, insulin-like growth factor;
PIIINP, procollagen III N-terminal peptide; PINP, procollagen I N-terminal peptide; PVCP, procollagen V C-terminal peptide;

HSC, hepatic stellate cells; CO3, CO6, COl, collagen fragments.

elastography methods (ultrasound transient elastography,
acoustic radiation force impulse imaging and magnetic
resonance elastography) have been developed to assess liver
fibrosis and diagnose cirrhosis. Elastography measures tissue
stiffness. Assessing liver fibrosis with ultrasound-based
elastography measures only a small component of tissue
stiffness.’* Many other factors such as inflammation from
acute hepatitis, cholestasis from biliary tract obstruction,
blood congestion due to hepatic outflow obstruction, portal
hypertension and food intake can affect liver tissue stiffness
and have been shown to affect the accuracy of assessing liver
fibrosis with elastography.'?

Liver fibrosis markers are typically divided into indirect
and direct markers of fibrogenesis and fibrinolysis. Indirect
markers of hepatic fibrosis include biochemical tests that
reflect alterations in hepatic function such as bilirubin, AST,
ALT, GGT and platelet count. Direct markers of fibrosis, on
the other hand, can be divided into markers associated with
matrix deposition, degradation, cytokines and chemokines
associated with the molecular pathogenesis of fibrogenesis
and fibrinolysis. Examples include hyaluronic acid, alpha-2-
macroglobulin, procollagen and laminin.

Several algorithms comprising panels of tests in combination
have been validated in patients who have been staged for
fibrosis using a liver biopsy (Table). Some diagnostic panels
use only conventional direct markers, whilst most combine
both direct and indirect markers, and others use only indirect
markers.

Several systematic reviews and meta-analyses have sought
to compare serum tests for staging fibrosis by describing
the Area Under the Receiver Operating Characteristic
curve (AUROC), which is a summary metric of the overall
discriminatory power of a test comparing specificity and
sensitivity irrespective of disease prevalence in a population.?
Tests are generally evaluated on their ability to discriminate
significant fibrosis (Metavir score >F2), advanced fibrosis
(Metavir score >F3) or cirrhosis (Metavir score F4) . Other
metrics of discriminatory power such as positive and negative
predictive value are useful within specific populations, but
are dependent on the population prevalence of liver fibrosis
within a specific group. No panel has yet emerged as the
standard of care, and the choice of panel is often dictated by
local availability.

Clin Biochem Rev 41 (2) 2020 | 69



Serum Marker Panels for Liver Fibrosis

Table. Biomarkers of liver fibrosis.

Test Markers Reference
AST to platelet ratio index AST, platelets 14
FibroTest, FibroSure Age, sex, bilirubin, GGT, a2M, haptoglobin, apo-A1l 15
Hepascore Bilirubin, GGT, a2M, HA, age, sex 16
AST/ALT ratio AST, ALT 14
FIB-4 index Age, AST, ALT, platelets 17

NAFLD fibrosis score

Age, BMI, IFG/diabetes, AST/ALT ratio, platelets, albumin 18

PGA index prothrombin time, GGT, apo-A1l 19
Fibrolndex AST, platelets, y-globulin 20
Forns index Age, GGT, platelets, prothrombin, cholesterol 21
Fibrometer Age, AST, platelets, a2M, HA, prothrombin index, urea 22
BARD score AST/ALT ratio, BMI, diabetes 23
Proteomics and Glycomics Various biomarker fragments 24
FibroSpect 11 o2M, HA, TIMP-1 25
European Liver Fibrosis panel Age, HA, TIMP-1, PIIINP 12

(ELF)

Apo-Al, Apolipoprotein A-1; a2M, a2-macroglobulin; HA, hyaluronic acid; BMI, body mass index; TIMP-1, tissue inhibitor of

metalloproteinase 1; PIIINP, procollagen III N-terminal peptide.

Future Developments

Proteomics is an emerging field that uses many types of
proteomic platforms which are being used to identify
novel biomarkers, offering the potential to further increase
the accuracy and clinical utility of fibrosis biomarker
models.” Application of genomic medicine to the field of
fibrosis prediction has highlighted the variation in genetic
susceptibility and fibrosis rates between individuals. Further
refinement of genetic risk scores and their incorporation with
more routinely available fibrosis biomarkers offer the potential
to individualise fibrosis risk prediction, thereby introducing
powerful prognostic tools for liver morbidity and mortality.
However, few standardised procedures exist and attention has
been drawn to the reliability of the results published in the
literature.?’

Proteomics has the potential to increase knowledge of the
biology of liver fibrogenesis by assessing patterns of proteins
or glycoproteins by mass spectroscopy in serum samples.
Surface-enhanced laser desorption/ionisation (SELDI) is
a variation of matrix-assisted laser desorption/ionisation
(MALDI) and has been widely used in discovery studies
to identify new protein molecular markers. SELDI can be
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described as a combination of solid-phase chromatography
and TOF-MS. In limited studies published to date, these have
been demonstrated to be highly predictive (AUROC >0.85) of
fibrosis in hepatitis C, hepatitis B and NAFLD.?®

Recent advances in genomics and the advent of new efficient
tools for large-scale analysis of gene expression have
provided new insights into the knowledge and understanding
of gene networks and regulatory pathways in various disease
processes.” These methods include microarrays which can
be used to analyse the expression of thousands of genes at a
time. Currently, however, the cost and technology involved
prohibit routine use of these methods. What is also lacking
is a rigorous, independent and widespread evaluation of the
utility of the already proposed biomarkers and new suggested
biomarkers in the diagnosis and follow-up of chronic liver
diseases before they can be recommended for use in routine
clinical practice.

Eslam et al. suggest that the incorporation of an invariant
genetic marker of liver fibrosis risk to algorithms for fibrosis
prediction could be useful.® They reported that a single-
nucleotide polymorphism (rs12979860) in the intronic region


https://www.sciencedirect.com/topics/medicine-and-dentistry/molecular-marker

of the interferon lambda 4 (IFNL4) gene modulates liver
inflammation and fibrosis in a manner independent of the
actiology of'the fibrosis. Thus, it could be hypothesised that this
polymorphism, for which a test is widely used and commonly
available, might have a role in algorithms that predict fibrosis.
The FibroGENE-DT which uses this polymorphism yielded
AUROC:s of 0.87, 0.85 and 0.804 for the prediction of fast
fibrosis progression, cirrhosis and significant fibrosis risk,
respectively, with comparable results in the validation cohort.
The model performed well in NAFLD and chronic hepatitis B
with AUROCs of 0.791 and 0.726, respectively. The negative
predictive value to exclude cirrhosis was >0.96 in all three
liver diseases.

Yet another development, clinical glycomics, is a DNA
sequencer/fragment analyser-based N-glycan profiling tool
where desialylated serum protein N-glycan profile is proving
to be an excellent biomarker for the detection of liver cirrhosis
(Figure 2). Further development looking at the ratios of just
two peaks in the profile (renamed GlycoCirrho Test) shows
promise.*

Marker Panels as Predictors of Clinical Outcome

The development of simple serum liver panel models that are
able to stratify chronic hepatitis C patients into a hierarchy
of risk levels of adverse clinical outcomes, the liver outcome
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Figure 2. Examples of total serum protein N-glycan profiles.
Electropherograms: top, malto-oligosaccharide reference;
middle, typical electropherogram of desialylated N-glycans
derived from proteins in control serum sample (nine peaks
are clearly visible in the full detection range, with five more
in the x10 blow-up of the latter part of the electropherogram);
bottom, representative electropherogram obtained from a
cirrhosis case. Structures of N-glycans of relevance to this
study are shown below the panels.
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score (LOS), is of considerable clinical significance. The
LOS has a high degree of accuracy in predicting five-year
liver-related death, liver decompensation and hepatocellular
carcinoma when compared to Hepascore, AST to platelet ratio
index (APRI) and fibrosis-4 (FIB-4).3!

A long-term follow up of patients was obtained from a
population-based data linkage system that linked health-
related datasets including the state cancer register, hospital
morbidity database and the mortality records. The predictive
ability of the LOS was better than the currently used fibrosis
models. The use of the LOS panels will potentially improve
clinical care by allowing the optimum use of expensive DAA
agents before the onset of significant clinical complications.
In addition, these models would potentially be valuable in
determining the start of ultrasound screening for hepatocellular
carcinoma and for assessing the presence of complications of
portal hypertension. Future studies are required to validate
these models in addition to the presently accepted clinical
criteria used in chronic hepatitis C patients.

Conclusion

Using multiple serum panels or combining serum panels
with radiographic imaging may improve the ability to
correctly assess the degree of a patient’s fibrosis compared
to liver biopsy. In addition, it may be possible to improve the
diagnostic performance of these panels if they are used in
stepwise combination.??> Noninvasive markers of fibrosis are
being incorporated into the routine clinical care of patients
with liver disease and this field continues to evolve.

With the availability of accurate noninvasive tests, the ability
to screen large cohorts for significant liver disease is now
becoming possible, allowing the assessment of the true burden
of liver disease in the general population for the first time.
Moreover, as novel anti-fibrosis therapies enter clinical trials,
robust noninvasive markers are crucial to allow effective
trial design and obviate the need for multiple invasive liver
biopsies to assess efficacy.'?
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